We have developed a reliable radioimmunoassay for testosterone in plasma, polyethylene glycol ("Carbowax 6000") being used to separate antibody-boundand free hormone. Testosterone is separated from interfering steroids, notably dihydrotestosterone, by liquid-liquid partition chromatography on infusorlal earth (Celite). The assay is sensitive (9 pg for standards), precise, and accurate. The lowest measurable concentration of testosterone is 350 ng/liter for plasma from men and 70 ng/liter for plasma from women. Intra-and inter-assay coefficients of variation were 6.9% and 9.7%, respectively, for plasma from men, and 9.6% and 11.8%, respectively, for plasma from women. Our method for separating antibody-bound and free hormone is practical and convenient and may be generally applicable to all radioimmunoassays of steroid hormones in plasma. 
androstan-3-one;
androstenedione, 4-androstene-3,17-dione; an- This is the first report of a reliable, specific radioimmunoassay for plasma testosterone with use of polyethylene glycol to separate antibody-bound and free hormone. (20) . The columns consisted of 5-ml plastic disposable syringes fitted with glasswool and packed first with 0.5 ml of Celite:water (2 g/ml) and then with 2 ml of Celite:ethylene glycol (2 g/ml).
Materials and Methods

Procedure
Extraction and purification:
400-500 dpm (1.2-1.5 pg) of [1,2-3Hjtestosterone, in 0.1 ml buffer was added to each of three scintillation vials and duplicate plasma samples (0.1 ml for men and 0.5 ml for women) and allowed to equilibrate for 1 h at room temperature.
Then the samples were extracted with 5 ml of dichioromethane. The organic phase was dried under nitrogen, redissolved in 0.5 ml isooctane, and applied to prewashed Celite microcolumns (20) . An additional 0.5 ml isooctane aliquot was used to transfer the remaining steroid. Interfering materials, notably dihydrotestosterone, were removed from the columns with 4 ml of isooctane followed by 5 ml of ethyl acetate in isooctane (50 ml/liter). Testosterone was then eluted from the columns with 6 ml of ethyl acetate in isooctane (150 ml/liter). This fraction was evaporated under nitrogen and redissolved in 1.0 ml of buffer. For use in estimating recoveries, 0.4 ml was transferred to a scintillation vial to which 10 ml Bray's solution was added; 0.1-and 0.4-ml sample a!-iquots were used for assay purposes. Assay procedure:
The standard curve was prepared in triplicate by adding 0, 25, 50, 80, 120, 160, 200, 300, and 400 l of the 1 ng/ml testosterone standard. After adding buffer to all samples to give a total volume of 0.4 ml, [1,2-3H]testosterone in 0.1 ml buffer was added to all tubes, which were shaken gently. Then 0.1 ml of diluted antiserum was added to all tubes except those used to calculate the total radioactivity added. Tubes were gently mixed and allowed to equilibrate at room temperature for 15 mm and then at 0 #{176}C for 2 h.
After the addition of 1 mg of bovine -y-globulin in 0.1 ml buffer and 0.5 ml of polyethylene glycol in buffer, the tubes were mixed on a vortex-type stirrer and centrifuged at 2800 rpm (1750 X g) for 30 mm at 0 #{176}C. The supernate was decanted, 10 ml of Bray's solution added, and the mixture was then counted for radioactivity. 
], where X = pg from standard curve, P = volume of plasma assayed (ml), R = % recovery, and B = volume of buffer aliquot (ml).
Results
Separation of Antibody-Bound and Free Hormone
Polyethylene glycol concentration:
The solubility of testosterone in polyethylene glycol can be seen in In Two important time intervals were studied extensively to determine whether time was a critical factor in the PEG separation procedure. First, several standard curves were prepared as usual. was routinely recovered after extraction and chromatography procedures. Less than 0.3% of the dihydrotestosterone, 0.1% of the androstenedione, 3% of the androstenediol, and 9% of the dehydroepiandrosterone were eluted in the testosterone fraction. Therefore, the combined interference for these steroids would normally be less than 10 ng per liter in specimens from persons of either sex. With the addition of the chromatographic step, the false increases in apparent plasma testosterone would be only 0.1-0.2% in men, as compared with 15-25% without chromatography, and 1-2% in women, as compared with >100% without chromatography.
Sensitivity, Blank, Precision, and Accuracy Figure 3 shows a typical standard curve. The sensitivity of several standard curves, defined as the smallest amount that could be significantly discriminated from zero with 95% confidence, ranged from 3-20 pg; the average sensitivity was 9.1 pg. The actual assay aliquot contained about 25% of the original testosterone, because only 40% of the purified fraction was used in the assay (0.4 of 1.0 ml) and 60-70% was recovered.
Therefore, the limit of detection for testosterone in a sample was 35 pg (350 ng per liter in men and 70 ng per liter in women).
When distilled water was treated similarly to plasma samples, the values varied about the sensitivity of the method.
Occasionally these blank values rose to pg, the cause invariably being the solvents; ei- sponding results for plasma from women were 0.531 ± 0.051 tg/liter (n = 6) and 0.63 ± 0.074 ag/liter (n = 13), with respective coefficients of variation of 9.6%
and 11.8%. The accuracy of the method was tested in two ways.
First, nonradioactive testosterone was added to plasma from men and women and the plasma was assayed (Table 3 
Normal Values
To further demonstrate the validity of the assay, determinations were performed on plasma from 24 healthy men between the ages of 21 and 65, and 20 healthy women of child-bearing age ( The latter two methods, with use of glass columns, have been the most popular. We achieved specificity with a modified Celite micro-column procedure in which plastic syringes were used as columns. These columns are easier to fill and require no external pressure, yet the flow rates are relatively rapid. No significant blank was produced from this procedure, and more than 90% of the testosterone could be analytically accounted for in the eluate. Attempts have been made to obtain antibodies of higher specificity by preparing antigens conjugated to testosterone in areas other than carbon 3. Theoretically this could permit the development of specific testosterone radioimmunoassays without a chromatographic step. However, antigens conjugated to testosterone at C 11 or C 17 (38), C 6 (39), or C 7 (40) have produced antibodies that still retain a high cross reactivity to dihydrotestosterone.
Thus for the near future it appears that some form of chromatography will be required to achieve high specificity routinely. 18. Chen, J. C., Zorn, E. M., Hallberg, M. C., and Wieland, R. G., Antibodies to testosterone-3-bovine serum albumin, applied to assay of serum 17$-ol androgena. Clin. Chem. 17, 581 (1971 
